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Transtharacie high frequency (7.5 MHz)
ultrasoeography
can visualize the distal left anterior descending coronary
artery . Thirtyseven patients were studied before and after
administration of 0.4 mg sublingual nitroglycerin to deter-
Mine whether Oslo technique ccutd :,ua . ' eiy rerd
changes in coronary artery diameter after intervention .
Left anterior descending coronary artery diameter in-
creased from 2.2 to 2.8 mm {p < OA5). Tire vasoditator
response of this artery was compared with left ventricular
mass index in normal subjects, patients with congestive
cardlomyopathy and those with end-sage renal disease and
left ventricular hypertrophy. Left anterior descending ar-
Quantitation of coronary artery vasodilator response to
nitroglycerin has been well described (1-3) . However . pre-
vious techniques have required sophisticated coronary
angiographic or intracoronary Doppler catheterization meth-
ods (4,5). Recently, we (6) demonstrated the ability of high
frequency (7 .5 MHz) transthoracic echocardiography to
visualize the distal left anterior descending coronary artery,
to identify a saphenous vein graft anastomosis to the distal
left anterior descending artery and to detect distal arterial
flow. In its most anterior position, 2 to 3 cm distal to its
intramural segment, the artery is embedded in epicardial fat
on the anterior interventricular sulcus;
at this point well
within the 2 .5 cm focal zone of Ih 7 .5 MHz transducer, it is
most accessible to ultrasound imaging .
The purpose of this study was threefold
. First, we wanted
to confirm our ability to visualize the left anterior descending
coronary artery and to test the repriducibility of imaging in
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tery diameter increased
55% in normal subjects,
27%
in
patients with dilated cardiomyopathy and 10% in those
with end-stage renal disease with left ventricular itypertro-
phy .
'these results demonstrate that high frequency ultra .
sound can deter . nitroglycerin-induced changes in left
anterior descending artery diameter . The percent increase
is related to the diameter before nitroglycerin administra-
tion, which is related to the underlying diagnosis and left
ventricular mass index .
(J Am
Call Cae'yhal 1990;16x393-7)
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another group of patients . Second, we wanted to test the
ability of this technique to detect small changes in arterial
caliber tr,at typically accompany pharmacologic or mechan-
ical intervention . We used sublingual nitroglycerin because
the coronary vasodilator response to nitroglycerin has been
described, although previous techniques used invasive meth-
ods . Third, we wanted to relate the quantitative arterial
vasodilator response to other measurable echocardiographic
variables
. Because coronary blood flow increases with the
development of myocardial hypertrophy and because coro-
nary vasodilation is a major means of increasing Coronary
blood flow, we chose to relate arterial caliber and arterial
vasodilator response to left ventricular mass.
Methods
Study patients
. We studied 37 patients and classified
them into three groups
. Group I (control) comprised 14
normal subjects (nine men and five women, aged 19 to 70
years [mean 43]) ; Group 2 comprised 10 patients with dilated
nonischemic cardiomyopathy (seven men and three women,
aged 53 to 88 years [mean 741) ; and Group 3 comprised 13
patients (nine men, four women aged 27 to 79 years [mean
481) each with hypertension and chronic renal failure requir-
o735-109710/53
.50
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ing maintenance hemodialysis . No patient in Group 2 or 3
had a history of angina or myocardial infarction, none had Q
waves on an electrocardiogram and none had an echocardio-
graphic wall motion abnormality . No patient was receiving
either long- or short-term nitrate or other antianginal ther-
apy . All patients were selected from a larger population
because of the ease and reproducibility of imaging their
anterior descending coronary artery.
Echocardiography
Instrumentation. Ultrasound images of the left anterior
descending coronary artery were obtained with a commer-
cially available real-time two-dimensional echocardiograph .
Incorporated within this system is a mechanical sector single
element oscillating transducer with a carrier frequency of 7.5
MHz . This transducer is focused at 2
.5 cm and has an axial
resolution of 0.2 mm and a lateral resolution of I mm.
Derived M-mode tracings were recorded on hard copy with
use of a video processor for subsequent digitization .
Determination of left ventricular mass . Left ventricular
epicardial and endocardia enclosed volumes were measured
at end-diastole from orthogonal apical two- and four-
chamber views . The two-dimensional images were traced
along the outermost edges of both epicardial and endocardial
echocardiographic images
. Volume determinations were
then calculated with use of an existing on-line biplane
Simpson's rule method and indexed for body surface area
(BSA) to estimate left ventricular mass index (LVMI) :
LVMI = (Epicardial enclosed volume [ml] - Endocardia
enclosed volume [ml]) x 1 .05 (g/ml)/BSA (m), where
1 .05 g/ml = specific gravity of the myocardium . Two-
dimensional echocardiographic determination of left ventric-
ular volume has been validated in our institution and in
others (7,8). Determination of left ventricular mass has
shown good correlation with contrast angiography (r = 0 .81,
SEE = 26 g) (9) .
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Figure 1. Cross section of anatomic specimen at
the papillary muscle level showing the left anterior
descending (LAD) coronary artery embedded
within the anterior interventricular sulcus . LV =
left ventricle ; RV = right ventricle .
Echoeardlegraphic visualization of the left anterior de-
scending coronary artery . The left anterior coronary artery
lies in the anterior interventricular sulcus and is one of the
most anterior structures of the heart (Fig. 1) . With use of a
modified apical window initially described by Fusejima (10),
approximately I to 3 cm of the mid to distal segments of this
artery can be visualized
. However, the walls of the artery
must be resolved with use of a higher frequency transducer
(7 .5 MHz) than was originally employed to quantitatively
measure coronary artery diameter. As shown in our previous
study (6), the coronary artery can be successfully imaged in
a majority of patients in both long- and short-axis views (Fig .
2) with use of this window and high frequency ultrasound
(7.5 MHz).
The advantage of this window is that, on average, the left
Figure 2. Two-dimensional short-axis echocardiogram of the left
anterior descending (LAD) coronary artery . BPM = beats/min;
ECG = electrocardiogram ; other abbreviations as in Figure 1 .
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anterior descending artery is only 2 to 3 cm from the chest
wall, placing it well within the 2
.5 cm focal zone of this
transducer
. Consequently, high frequency ultrasound with
its superior resolving capabilities allows excellent delinea-
tion of the coronary vessel walls .
Derived M-mode recording of coronary artery diameter .
The left anterior descending coronary artery diameter was
measured with use of an M-mode cursor derived from the
short-axis view described . The M-mode cursor was posi-
tioned through the major axis of the artery . This allowed us
to record an M-mode tracing in which both the anterior and
posterior walls of the artery could be visualized for subse-
quent diameter determination (Fig. 3)
. We noted that for
each artery that could be measured, its diameter remained
constant ; there was no measurable difference in the arterial
diameter between systole and diastole . However, great care
had to be exercised in selecting the transducer window,
rotation and angulation to minimize lateral motion of the
ROSS ET AL.
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Figure 3 . Two-dimensional short-axis echocardiogram of the left
anterior descending (LAD) coronary artery MR) with derived
M-mode cursor positioned through the major axis of the artery
(right) . Abbreviations as in Figures I and 2 .
heart into and out of the ultrasound plane and to always
measure the greatest diameter. Vertical motion is acceptable
because the M-mode cursor can remain in the 0° meridian
throughout the cardiac cycle without compromising its po-
sition . Proper transducer manipulation with minimal lateral
movement of the heart allowed successful visualization and
measurement of the left anterior descending coronary artery
Figure 4. Derived M-mode recording of the left anterior descending
(LAD) coronary artery before (CONTROL) (left) and after admin-
istration of 0 .4 mg of sublingual nitroglycerin (NTG) (right) .
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diameter before acd after nitroglycerin administration
(Fig . 4).
Measurement of coronary artery diameter before and after
nitroglycerin administration . Derived M-mode echocardio-
grams of the left anterior descending artery were recorded
on hard copy and digitized with use of a personal computer .
The resolution of the digitizing tablet is 0.003 mm . Informed
consent was obtained and 0 .4 mg sublingual nitroglycerin
administered . The M-mode measurement of left anterior
descending diameter was obtained in the control state and
after administration of 0
.4 mg of sublingual nitroglycerin
with a leading edge to leading edge approach . A decrease in
blood pressure or increase in heart rate of 10% to 15% was
taken so the end point for the effect of nitroglycerin . The
effect was generally seen within 4 to 5 min in the majority of
patients.
The magnitude of coronary dilation was determined as
the percentage of dilation calculated as follows : 100 (Diam-
eter after nitroglycerin - Control diameter)/Control diame-
ter. All measurements were made by the same investigator
(3 .d .R .). The intraobset •e r variability was <5% .
Statistics,) analysis . Measurements are presented as mean
values ± SD or range values. Statistical differences for
measurements obtained before and after nitroglycerin ad-
ministration or among different groups were determined with
paired or unpaired i tests as appropriate. Statistical correla-
tion between left anterior descending artery diameter and
left ventricular mass index was made with linear regression
analysis . A probability (p) value <_0 .05 was considered
significant
.
Results
Coronary artery dilation after nitroglycerin administra-
tion . The left anterior descending artery was measurably
dilated (by at least 10%) in 29 of the 37 patients ; overall it
was dilated by 32 ± 25% (range 0 to 94%) (Fig. 3 and 4)
.
Before and after nitroglycerin administration, the anterior
wall of the left anterior descending artery appeared thinner
and less dense than the posterior wall . After nitroglycerin,
both the anterior and posterior walls increased in density . As
the arterial wall thinned and the density increased, the visual
discrepancy between the acoustic density and thickness of
each wall was exaggerated and was most obvious after
vasodilation .
Left ventricular mass index, control anterior descending
coronary artery diameter and percent vasedilative response
for each group (Fig . 5, Table 1).
The normal group (Group 1) had the lowest left ventric-
ular mass index and the smallest coronary artery diameter
before and the greatest percent dilation after nitroglycerin
administration.
Patients with dilated cardiomyopathy (Group 2) had a
greater left ventricular mass index (p < 0 .05), a similar
~'l
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Figure 5. Left anterior descending artery diameter (mean ± SD)
before (Pre) and after (Post) administration of nitroglycerin (NTG)
for each of the three study groups .
control coronary artery diameter and a lower percent dila-
tion after nitroglycerin administration (p < 0 .05) compared
with normal subjects .
Patients with end-stage renal disease, hypertension and
left ventricular hypertrophy (Group 3) had a left ventricular
mass index similar to patients with dilated cardiomyopathy
but larger than that in normal subjects (p < 0 .05 compared
with Group I or Group 2). They had a larger control
coronary artery diameter (p < 0 .05) than that of either
normal subjects or patients with cardiomyopathy and they
had the weakest vasodilator response (p < 0 .05).
Discussion
In a previous report (6) we demonstrated that high
frequency transthoracic ultrasonography can visualize the
left anterior descending coronary artery . In that study, we
identified this artery in 85% of patients. Our current study
confirms this observation . The left anterior descending ar-
tery is seen most easily in patients with chronic renal failure
and left ventricular hypertrophy, particularly in those with a
small pericardial effusion .
Vasodilative response . Our study clearly shows that high
frequency transthomcic ultrasound can detect vasodilation
of the left anterior descending coronary artery in response to
pharmacologic agents. After nitroglycerin administration the
Table 1. Effects of Nitroglycerin in the Three Patient Groups
LAD Diameter %u
LVMI Pre-NTG LAD Dilation
(Fin') (Inm) Post-NTG
Normal (Group I) 77 ± 21 1 .7 z 0 .5 55 5 23
CM (Group 21 124- 22 2.0 ± 0 .3 27 0 14
ESRD (Droop 3) 129
,
19 3.0 10 .8 10 *_ 08
CM = dilated cardiomyopathy : ESRD =
end-stage
renal disease; LAD =
left anterior descendingcoronary artery ; LVM1= left ventricular mass index :
Post-NTG = after nitroglycerin administration : Pre-NTG = before nilroglyc-
edn adminialmtioe .
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artery was seen to dilate consistently by >_ 10% in 78`7r of the
patients. The group with the weakest response (and with the
largest number of patients with no response) was the group
with chronic renal insufficiency . Because we ca.7 detect
changes in the left anterior descending artery after ritroglyc-
rein, it should be possible to detect changes in response to
other pharmacologic and mechanical interventions as well
.
Measurement of the magnitude of coronary artery dilation or
constriction in response to pharmacologic or mechanical
intervention (11) may be important in assessing the efficacy
of intervention, may indicate presence or absence of proxi-
mal coronary artery disease and may be useful in studying
pathophysiologic effects of disease states (not limited to
coronary artery disease) and the therapy thereof on the
coronary circulation .
Furthermore, our study demonstrates that the vasodilator
response of the left anterior descending coronary artery to
nitroglycerin is related both to the control arterial diameter
and to left ventricular mass . Thus, the vasodilativc response
was greatest in normal subjects, who had the smallest
control arterial diameter and the smallest left ventricular
mass. As mass increases, control diameter appears to in-
crease (more so for patients with chronic renal failure) and
the vasedilative response appears to decrease
. Control left
anterior descending coronary artery diameter was largest in
patients with increased left ventricular mass . Particularly in
patients will : end-stage renal disease, the anterior descend-
ing artery z,ppears to be maximally dilated, which may be a
necessary mechanism to compensate for high left ventricular
mass and the associated anemia (12) . As a
:wall. the
response to uitroglyceria is b lunted. i t
would
.e useful to
study a group of patients with chronic renal failure with a
normal hemoglobin level to separate effects of left ventricu-
lar mass and anemia. Such a group of patients was rare in the
past, but is more common now with recombinant erythro-
poietin therapy .
Atonal,. properties of the arterial wall . There are several
possible explanations for the change in acoustic density and
thickness of the arterial wall after nitroglycerin administra-
tion
.
Tic increased coronary artery diameter and blood
volume cause a greater acoustic mismatch between arterial
lumen and wall . Arterial dilation also must result in intrinsic
changes in the arterial wall; presumably, the density of the
wall increases, which also increases the acoustic mismatch
between lumen and wall . Finally, as the heart rate increases,
the arterial wall moves in and out of the breakpoint of the
time-gain curves more quickly .
Limitations. A maior limitation of our study is that only a
small portion (approximately 1 .3 cm) of
the mid to distal left
anterior descending artery can be successfully imaged with
this technique
. Clearly, the percentage of dilation of the
coronary arteries varies from segment to segment (3) and
with the presence or absence of disease
. A second limitation
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is that the presence of coronary artery disease could not be
excluded with certainty, although no patient had angina .
ECG evidence of infarction or segmental left ventricular wall
motion abnormality
: and in patients with a dilated cardiomy-
apathy . the disease was thought to be nonischemic . The
patient study group was small . Therefore, we advise caution
in extrapolating these observations until larger groups of
patients with more types of cardiovascular disease (and
different underlying pharmacology) are studied .
Further refinements in this technique and the addition of
Doppler echocardiography may provide more complete as-
sessment of coronary artery physiology in humans .
We thank Michael McAllister, RDh1S . Robed Foley, RCPT and Michael
Kohn. RDMS for their technical assistance, and Catherine Coin for her expert
secovanalassistance .
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